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Objectives: To determine the fulI range of aorto-iliac anatomy of patients with abdominal aortic aneurysms (AAAs) and 
thence the range of endovascular graft sizes required to deal with the majority of AAAs. 
Design: Analysis of preoperative spiral CT measurements 
Materials: One hundred and sixty-eight patients with AAAs 
Method: Multiplanar econstruction measurements were taken of proximal aortic neck diameter and length, lowermost 
renal artery to the aortic bifurcation distance and length and diameter of common iliac arteries. Based on these 
measurements a range of graft sizes that would fit the majority of AAAs was determined. 
Results: Ranges of anatomical variables were as follows: proximal aortic neck diameter 18--30 ram, renal artery to aortic 
bifurcation distance 93-210 ram, common lilac artery length 13-108 mm, common iliac artery diameter 6-67mm. Over 
750 graft sizes would be required to cover all anatomical combinations using a one-piece aorto-uni-itiac graft. 
Conclusion: A wide variety of aorto-iliac anatomy exists in patients with AAAs. The large number of graft sizes required 
to deal with the majority of AAAs makes the production of one-piece ndovascular grafts commercially impractical. A 
proposed two-piece modular graft would allow the majority of AAAs to be treated using only 16 graft sizes. 
Introduction 
At present, most commercially available ndovascular 
grafts come in a narrow range of sizes restricting their 
use to a minority of patients with suitable anatomy. 
Because of this a number of centres practising endo- 
vascular repair tailor their own grafts for each in- 
dividual patient. 1-3 However, if the technique is to gain 
widespread acceptance it is likely that "off the shelf" 
grafts will be required. The aim of this study was to 
ascertain the full range of aorto-iliac anatomy of 
patients presenting electively with abdominal aortic 
aneurysms (AAAs) and thence the range of graft sizes 
that would be required to deal with the majority of 
aneurysms. Spiral computed tomographic angio- 
graphy (CTA) provides highly detailed images of the 
aorto-iliac segment in multiple planes and is currently 
the best imaging modality available for the assessment 
of AAAs. 4 
Patients and Methods 
Between June 1994 and May 1996, 168 patients with 
AAAs were assessed with spiral CTA. Fifty-one 
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patients were referred from other hospitals. The mean 
age was 71.7 years (range 47-88), 149 (89%) patients 
were male and 19 (11%) female. 
CTA was performed using a Siemens Somatom Plus 
spiral CT scanner. Using a table speed of 10 mm/s, a 
scan rotation of 1/s and a spiral slice thickness of 
5 mm (pitch = 2), a body volume 22 cm in length from 
the middle of the first lumbar vertebra was scanned 
in a single breath-hold. A single dose of contrast 
medium (100ml Niopam 370) was injected via an 
antecubital vein at a rate of 2 ml/s with a scan delay 
of 30s. The data acquired was processed into 111, 
2 mm axial slices. These were used for multiplanar 
reconstructions to create images perpendicular toand 
along the axis of the infrarenal aorta, common iliac 
and external i iac arteries. Measurements were taken 
of the proximal neck length and diameter, the distance 
from the lowermost renal artery to the aortic bi- 
furcation, the distance from the aortic bifurcation to 
the right and left common iliac artery (CIA) bi- 
furcations and the diameters of right and left common 
iliac arteries. For patients with a conical shaped prox- 
imal neck, the width was taken to be the widest 
diameter. 
Based on the anatomical data acquired the range of 
aorto-uni-iliac endovascular graft sizes needed to fit 
the full range of anatomy of these patients was cal- 
culated. The aorto-uni-iliac device was used as this 
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Table 1. Aorto-iliac dimensions in 168 patients with abdominal ortic aneurysms. 
Proximal Proximal Aortic 
neck neck length* 
length diameter 
Common iliac artery Common iliac artery 
length diameter 
Right Left Right Left 
Mean 2.31 2.59 13.40 5.73 5.62 1.87 1.70 
95% C.I. 0.21 0.08 0.31 0.24 0.26 0.15 0.13 
Range 0.0-6.5 1.6-5.0 9.3-21.0 1.6-10.1 1.3-12.1 0.7-6.1 0.6-6.7 
Interquartile 1.2-3.3 2.2-2.8 12.0-14.8 4.7-6.6 4.7-6.6 1.3-2.0 1.1-1.9 
range 
* Lower-most renal artery to aortic bifurcation distance. 
All measurements in centimetres. 
Table 2. Proximal neck diameter by best common iliac artery diameter in 131 patients with neck diameters less than 3.0 cm and at 
least one common iliac artery diameter less than 2.4 cm. There are 63 potential combinations, 124 patients (95%) fall within the 
highlighted area of 36 combinations. 
Proximal neck Best common iliac artery diameter (cm) 
diameter (cm) 0.8 0.9-1 1.1-1.2 1.3-1.4 1.5-1.6 1.7-1.8 1.9-2 2.1-2.2 2.3-2.4 Total 
0 2 1 0 0 0 1.7-1.8 0 
1.9-2.0 1 
2.1-2.2 0 
2.3-2.4 0 
2.5-2.6 0 
2.7-2.8 0 
2.9-3.0 0 
Total 2 8 18 40 50 20 15 
0 0 3 
o- 0 11 
1 0 34 
1 0 35 
1 0 23 
0 0 21 
0 0 16 
3 0 131 
has the widest applicabil ity of the currently available 
endovascular  systems,  Three variables were con- 
sidered for determining graft sizes: the diameter of 
the proximal  aortic neck, the diameter of the best 
common iliac artery (taken to be the one closest to the 
median of 1.6 cm) and the aorto-iliac length. Proximal 
aortic necks greater than 3 cm in diameter and iliac 
arteries greater than 2.4 cm in diameter were con- 
sidered unsuitable for implantat ion of an endovascular  
graft-stent. Two mil l imetre increments were assumed 
for diameters as these are tradit ional ly used for vas- 
cular graft sizes and i cm increments were assumed 
for length. 
Results 
The mean aneurysm max imum transverse diameter 
was 6.35 cm (S.E.M. 0.1), with a range of 4.5-10.4 cm 
(interquarti le range 5.4-7.0 cm). Aorto-i l iac di- 
mensions are i l lustrated in Table 1. The distr ibution 
of each variable is i l lustrated in Figs. 1-5. Twenty- 
five patients had proximal necks greater than 30 mm 
diameter, and in a further 12 patients, both common 
iliac arteries were greater than 24 mm,  leaving 131 
patients within the stentable range. 
Proximal and distal diameter combinations 
Assuming 2 mm increments, seven proximal  graft sizes 
wou ld  be required to fit the full range of stentable 
proximal  neck diameters (18, 20, 22, 24, 26, 28 and 
30 mm). Nine distal graft sizes wou ld  cover the full 
range of stentable distal C IA diameters (8, 10, 12, 14, 
16, 18, 20, 22 and 24 ram). Sixty-three (7 x 9) graft sizes 
wou ld  therefore be needed to cover the full range 
of potential aorto-iliac diameter combinat ions (before 
consider ing aortic length). 
Thirty-eight different combinat ions of proximal and 
distal diameters existed in the 131 patients with stent- 
able proximal  neck and CIA anatomy (Table 2). Of 
these, 90 patients (69%) fell within the neck range 
2.1-2.8 cm and CIA range 1.1-1.8 cm (Table 3). 
Diameter and aortic length combinations 
Aortic length ranged from 9.3-21.0 cm. A further mini- 
mum length of 2 cm of common iliac artery is required 
to implant  the distal iliac stent so with i cm increments, 
at least 12 different lengths wou ld  be required. If 5 mm 
length increments are used, as in two commercia l ly  
available graft-stent systems (Mintec and EVT), the 
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Table 3. The ~6 most frequent combinations of proximal neck and best common iliac artery diameters (highlighted) in 131 patients 
with stentable abdominal aortic aneurysms. 90 patients (69%) fail within this area. 
Proximal neck Common iliac artery diameter (cm) 
diameter (cm) 0.8 0.9-1 1.1-1.2 1.3-1.4 1.5-1.6 1.7-1.8 1.9-2 2.1-2.2 Total 
2 1 0 0 1.7-1.8 0 0 
1.9-2.0 1 3 
2.1-2.2 0 2 
2.3-2.4 0 1 
2.5-2.6 0 0 
2.7-2.8 0 1 
2,9-3.0 0 1 
Total 2 8 
0 0 3 
0 0 11 
3 1 34 
0 1 35 
0 1 23 
2 0 21 
5 0 16 
15 3 131 
1 4 3 1 
18 40 50 20 
Table 4. The Mintec bifurcated graft proximal neck and common iliac artery diameter combinations (dark shading) and area of overlap 
with the most common combinations. 
Proximal neck Common iliac artery diameter (cm) 
diameter (cm) 0.8 0.9-1 1.1-1.2 1.3-1.4 1.5-1.6 1.7-1.8 1.9-2 2.1-2.2 Total 
1.7-1.8 0 0 2 1 0 0 0 0 3 
1.9-2.0 1 
2.1-2.2 0 
2.3-2.4 0 
2.5-2.6 0 
0 0 11 
3 1 34 
0 1 35 
0 1 23 
0 2.7-2.8 0 2 21 
2.9-3.0 0 1 1 4 3 1 5 0 16 
Total 2 8 18 40 50 20 15 3 i31 
Table 5. The EVT proximal neck and common iliac artery diameter combinations (dark shading) and area of overlap with the most 
common combinations. 
Proximal neck Common iliac artery diameter (cm) 
diameter (cm) 0.8 0.9-1 1.1-1.2 1.3-1.4 1.5-1.6 1.7-1.8 1.9-2 2.1-2.2 Total 
1.7-1.8 0 0 2 1 0 0 0 0 3 
1.9-2.0 1 
2.1-2.2 0 
2.3-2.4 0 
2.5-2.6 0 
2.7-2.8 0 
2.9-3.0 0 
Total 2 
1 1 4 3 1 
8 18 40 50 20 
0 0 11 
3 1 34 
0 1 35 
0 1 23 
2 0 21 
5 0 16 
15 3 13l 
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Fig. 1. Range of proximal neck diameters in 168 patients with 
abdominal aortic aneurysms. 
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Fig. 2. Range of proximal neck lengths. 
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Fig. 5. Range of common iliac artery lengths. ([Z) RCIA; (I) LCIA. 
number of lengths needed would be at least 24. A total 
of 756 (63 x 12) or 1512 (63 x 24) potential anatomical 
combinations therefore exist depending on the in- 
crement used. Assuming I cm increments, 99 com- 
binations of neck diameter, CIA diameter and aortic 
length were found in this series of 131 patients. 
Discussion 
This study illustrates the wide variety of aorto-iliac 
anatomy in patients presenting electively with AAAs. 
This has been alluded to by two smaller studies of 
22 and 50 patients assessed with spiral CTA and a 
combination of conventional CT and contrast angio- 
graphy respectively. 6'7Mean proximal neck diameters 
were slightly narrower and mean proximal neck 
lengths longer in these studies. This may have been due 
to the inclusion of patients with smaller aneurysms. 
Anatomical variety poses few problems with an 
open repair as grafts can be cut to fit the individual's 
anatomy based on direct visualisation of the blood 
vessels at operation. Mismatching of graft and vessel 
sizes can also be compensated for with suturing tech- 
niques. Endovascular repair in contrast allows neither 
direct visualisation or suturing during the procedure 
so the graft must be accurately constructed pre- 
operatively. In particular the graft and vessel diameters 
must be precisely matched in order to prevent per- 
sistent leaks into the aneurysm sac with potentially 
devastating consequences. 8 Undersized grafts have 
been documented as the cause of persistent leaks both 
proximally and distally 9but this may also be a problem 
with oversized grafts if the excess material folds in to 
the lumen leaving a channel into the aneurysm sac 
between graft and vessel wall. 
Three basic types of graft-stent combination are in 
use; aorto-aortic, aorto-bi-iliac and aorto-uni-iliac, the 
latter used in combination with a femoro-femoral 
crossover graft and an occluding device placed in the 
contralateral femoral artery. Very few patients have 
the requisite distal aortic cuff necessary for a straight 
graft. Of the remaining two devices, the aorto-uni-iliac 
system has the simplest anatomical requirements and 
hence the widest applicability# 
In determining the graft sizes required to fit the full 
range of aorto-iliac anatomy we have assumed 2mm 
increments for diameter based on current sizing prac- 
tice for vascular grafts and an arbitrary I cm increment 
for length. This results in 756 anatomical combinations 
for an aorto-uni-iliac graft-stent system. A rather large 
shelf would be required to stock a range of grafts 
capable of coping with all of these potential anatomical 
scenarios. This wide variety of anatomy is a major 
problem for graft manufacturers a illustrated by the 
limited applicability of the current commercially avail- 
able systems. The Mintec STENTOR bifurcated graft 
(Boston Scientific Corporation) has three proximal 
(neck diameter) sizes of 22-26 mm and two distal (CIA 
diameter) sizes of 9-12mm. 1° Only 13 (10%) of 131 
patients had proximal neck and CIA diameters strictly 
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within this range (Table 4). A further seven patients 
(5%) with proximal neck diameters 1.8-2.1 cm could 
be included if oversized grafts are used. The EVT 
bifurcated evice (Endovascular Technologies, Menlo 
Park, CA, U.S.A.) has slightly wider criteria, allowing 
a proximal neck diameter of 18.5-26.4 ram, and CIA 
diameters of 9.5-13.4 ram. 1I Twenty-six patients (20%) 
in this series had measurements strictly within these 
limits (Table 5). These calculations exclude 37 patients 
with proximal necks >3.0 cm and bilateral iliac an- 
eurysms. They also do not take into consideration the 
third variable of aorto-iliac length and other factors 
crucial to determining eligibility for endovascular re- 
pair such as proximal neck length and iliac tortuosity. 
It is of note that neither device fully utilises the most 
common range of proximal neck and CIA diameter 
combinations. Assuming that the endovascular graft 
sizes chosen for production by manufacturers have 
been influenced by graft sales for open repair it would 
seem that vascular surgeons tend to undersize grafts 
at open operation, presumably compensating with 
suturing techniques. Alternatively, geographical vari- 
ation may account for larger proximal neck sizes in 
British patients than their American and European 
counterparts. We hope that the anatomical data pre- 
sented in this paper will provide a more objective 
measure of the graft sizes needed in the future for 
endovascular repair, at least in the U.K. 
A modular  approach solves some of these problems. 
One possibility is a two-piece aorto-uni-iliac graft with 
a variable distal length (Fig. 6). Based on a preoperative 
assessment of aorto-iliac length, the distal portion 
could be cut to fit the individual patient's anatomy in 
theatre and the two ends joined prior to insertion via 
the delivery system. The only variables to consider 
would therefore be the proximal neck and distal CIA 
diameters. With seven proximal and nine distal sizes 
to choose from, only 16 grafts would be required fo 
deal with the full range of aorto-iliac anatomy. This 
figure could be reduced further by using 3 or 4 mm 
increments but as previously discussed, the safety of 
implanting an oversized graft would first need to be 
demonstrated. 
In conclusion, a wide variety of aorto-iliac anatomy 
exists in patients with AAAs, With 2 mm increments 
for diameter and i cm increments for length over 750 
anatomical variations may exist. This makes pro- 
duction of one-piece endovascular grafts capable of 
dealing with this variety practically impossible. A 
proposed two-piece modular  graft would allow the 
majority of AAAs to be treated using only 16 graft 
sizes. 
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